Abstract: The aim of the study was to study the effects of a flexible shift system (based on selfdetermined work hours) with respect to sleep/wake complaints and subjective health. The comparison group was a rapidly rotating shift system, with frequently occurring quick returns. A secondary aim was to examine the relation between work hour characteristics indicating compressed or difficult rosters (e.g. number of workdays in a row, frequency of quick returns and long work shifts) and subjective sleep and sleepiness, within the flexible shift system group. The sample of the analysis included 533 randomly selected police officers, of which 26% were females. The participants answered a questionnaire. The results showed that the flexible shift system group did not differ with respect to sleep/wake complaints and subjective health. However, the flexible shift group obtained more sleep in connection with the shifts, probably because of longer rest time between shifts. Thus, they worked less quick returns and long work shifts. The association between work hour characteristics and sleep/wake complaints was weak in the flexible shift group. Instead, sleep/wake problems were mainly associated with the attitude to work hours.
Introduction
It is well known that the design of the shift system has a strong impact on sleep/wakefulness, health and well being 1) . Although there is no "ideal shift system", ergonomic recommendations have been proposed in order to design shift systems that minimize the risk for sleep, health and social problems 1, 2) . For example, the number of night shifts should be reduced to 2-3 in a row to avoid accumulating sleep debt, severe sleepiness and increased accident risk 2, 3) . Other recommendations concern the length of the shifts, the rest time between shifts, and the timing of the shifts 4, 5) . Individual satisfaction with the shift schedule is also important and seems to reflect tolerance to shift work. Axelsson et al. 6, 7) found that those that are dissatisfied with the schedule showed a higher frequency of sleep/wake problems, complaints of insufficient recovery and lower testosterone levels. Thus, individual working time preferences might also be an important factor for avoiding negative consequences of shift work. Working time control, operationalised as being able to influence starting and ending times of a workday, scheduling of days off, the opportunities to take breaks and deal with private matters during the workday etc, was an independent predictor of subjective health and sickness absence in a series of Finnish studies [8] [9] [10] . A low level of control increased the risk of future health problems especially among women with families and the authors proposed that a high degree of work time control could help workers integrate their work and private lives successfully 9) . In another study high control over working times could reduce the adverse effects of work stress on sickness absence 10) . Baltes and coworkers found that flexible work schedules were associated with high job satisfaction and a more positive attitude to work hours 11) . Consequently, Industrial Health 2007, 45, [279] [280] [281] [282] [283] [284] [285] [286] [287] [288] it is important that shift systems permit some flexibility and even be individualized 12, 13) , especially since self-determined work hours may reduce the work-home conflict and improve the social life situation 13) . On the other hand, the knowledge of how shift workers select work hours (where possible) is very limited. Some authors have claimed that they might give too much priority to short-term social needs, which result in compressed work hours, and that work hour variability increases 14, 15) . As a consequence, self-determined shift systems might increase the frequency of quick returns, long work shifts and many work days in a row, which increase the risk for disturbed sleep, sleepiness, accidents, and poor health 16) . The topic of the present study was to explore the effects of a flexible shift system used by police officers with respect to sleep, sleepiness and health.
Police officers often have difficult shift rosters 17, 18) and sleep/wakefulness complaints seem to be the cardinal symptoms [19] [20] [21] . Garbarino et al. 22, 23) found that sleep disturbances, sleepiness and fatigue related accidents were common among police officers, in particular for those that worked shifts. However, also work-related stress due to traumatic events contributes to the high frequency of sleep disturbances among police officers 24) . Swedish police officers have a tradition of working extremely rapidly rotating shift rosters with quick returns. A quick return means that the rest time between shifts is only 8 or 9 h. It is well known that quick returns reduce sleep length and increase sleepiness 7, 25) . A shift system intervention on police officers that increased the rest time between shifts improved subjective sleep, self-reported health and biological risk factors for cardiovascular disease 26) . However, during the last 5-10 yr flexible shift systems have increased in the Swedish police force and are nowadays more common than the rapidly rotating rosters. The flexible shift system-called "period planned work hours"-involves a high degree of individual flexibility. The employer presents a list of the need for staffing during the shifts for a period of 4-6 wk. The shift workers then select their own pattern of work hours within these limits. If some shift lacks staff, the employer can order officers to work. There are few studies on flexible shift systems based on self-determined work hours and their effects on sleep and health, although they are quite common (in Sweden) in health care, transport and retail. A study by Lowden and Åkerstedt 27) showed no differences in subjective health when they compared a flexible shift system with a traditional shift system. However, the studied group did not work nights. One might hypothesize that being permitted to choose one's work shifts would facilitate a striving towards high alertness and good sleep. On the other hand, social or economical factors might invite promotion of such factors at the expense of optimal sleep, alertness and health.
The aim of this study was twofold. First, to compare a rapidly rotating shift system, with frequently occurring quick returns, with a flexible shift system based on self-determined work hours on sleep quality, sleepiness and health. Secondly, to examine the relation between work hour characteristics indicating compressed or difficult rosters (e.g. number of workdays in a row, frequency of quick returns and long work shifts) and subjective sleep and sleepiness, within the flexible shift system group. Since satisfaction with the schedule has turned out as a strong predictor of sleep/wake problems in previous studies (e.g. Axelsson et al. 7) ), the variable "attitude to work hours" was added as an independent variable in the latter analysis. The intention behind the second aim was to identify whether certain work hour components related to compressed work hours could be related to sleep/ wakefulness problems.
Materials and Method
A questionnaire was distributed to a random sample of 2,000 employees within the Swedish police force. The response rate was 76%. Among the responders 619 subjects were three-shift workers. The mean age for this group was 41 yr, the mean employment time was 16 yr and 26% were females. The study was approved by the local ethical committee at Karolinska Institutet (# 03-552).
The questionnaire included two questions related to the shift system. The first question referred to whether they worked on a traditional three-shift roster schedule, or on a flexible shift system. Two types of flexibility existed: "flextime" and "period planned work hours". Flextime means that only start and end times of the shifts can be determined by the individual within a certain limit (±1 h) but without the possibility to select work shifts. Period planned work hours usually involve a high degree of individual flexibility and means that the employee can determine scheduling of work days and days off. The second question referred to whether they had a rapid (compressed work hours with maximum 11 h of rest time between shifts) or a more slowly rotating (2-4 similar shifts in a row, with almost no quick returns between shifts) shift system. According to these questions, four groups could be identified-a flexible group (having period planned work hours, n=363), a rapidly rotating (or compressed) group (n=170), a slowly rotating group (n=45) and an "other" (n=40) group that mainly included subjects that had a shift system including "flextime". One subject did not respond to the questions and could not be classified. The slowly rotating group and the other group were excluded from the analysis due to the relatively small group size. The flexible group and the rapidly rotating group did not differ with respect to age (mean was 42 yr in both groups), gender (female; flexible: 25%, rapidly rotating: 28%) and civil status (cohabiting; flexible: 83%, rapidly rotating: 82%). Rated workload did not differ between the groups (1 very low-5 very high, the mean across shifts was 3.4 for both groups). The shift change time between the night and the morning shift was around 07.00 h (±30 min) for both groups. A typical shift sequence for the rapidly rotating shift system is night, evening and morning shift with 8-11 h of rest between shifts. Approximately one third of the shifts were worked at night in both groups. The length of the shifts is usually between 8 and 10 h, and 12-h shifts are rare.
The questionnaire included 19 pages. In the present analysis, questions related to work hours, sleep, sleepiness/ fatigue, and health were used. The questions (variables) that were used, including the response scales, are presented in Table 1 . The questions concerning work hours included attitude to work hours and whether one was satisfied with the possibilities to influence work hours. There was also a question of whether one would like to avoid night shifts. The flexible group also had a separate question of whether they could affect their work hours (yes or no). There were 7 questions that described the characteristics of the work hours. These questions referred to how often they have quick returns (≤9 h of rest between shifts), long work shifts (>10 h), at least 6 work shifts in a row, weekends (both Saturday and Sunday) off, 4 d or more off, only 1 d off between work sequences, and a question referring to how many night shifts in a row they usually worked. There was also a question of having a second job.
The sleep questions were based on the Karolinska Sleep Questionnaire (KSQ 28) ). The questions referred to symptoms during the last 3 months. Three indices were calculated: disturbed sleep (DSI: difficulties initiating sleep, repeated awakenings with difficulties going back to sleep, premature awakening and disturbed/restless sleep, Cronbach's alpha: 0.82), awakening difficulties (AI: feeling of exhaustion at wake-up, difficulties awakening and not being well-rested, Cronbach's alpha: 0.73) and sleepiness (sleepy at work, sleepy during leisure time, involuntary dozing off at work, involuntary dozing off at leisure time, and "need to fight sleep to stay awake", Cronbach's alpha: 0.81). The subjects also reported bedtime, wake-up time and sleep latency in relation to different shifts and days off. These measures were used for calculations of sleep length prior to the morning and evening shift, and after a night shift. Two questions related to recovery were asked. The first one refers to whether they have enough time for recovery between work shifts and the second one refers to whether they have enough time for recovery on days off (between work periods).
The health section of the questionnaire included the Hospital Anxiety and Depression Scale (HAD 29) , Cronbach's alpha: 0.87), the Shirom-Melamed Burnout Inventory (SMBI 30) , Cronbach's alpha: 0.95) and a question of selfrated health in general. There was also a multiple item question related to health complaints during the last three months. Three indices were calculated: muscular-skeletal symptoms (pain in shoulders, pain in the upper back, pain in the lower back and pain in the wrist and hand, Chronbach's alpha: 0.80), cognitive symptoms (difficulties learning, unusual forgetfulness, unable to make decisions, make rash decisions, and became empty in the head, Cronbach's alpha: 0.84), and gastrointestinal symptoms (poor appetite, stomach complaints, heart burn, diarrhea, and constipation, Cronbach's alpha: 0.80).
The statistical analysis included t-tests and χ 2 for the group comparisons. Correlation analysis and multiple regression analysis were used to study the covariation between work hour variables and sleep and sleepiness complaints. All work hour variables and age were used as predictors. The three indices of KSQ were used as dependent variables.
Results

Comparison between shift systems
The results for the comparison between the flexible shift system and the rapidly rotating system are presented in Table  2 . The flexible group was more satisfied with the possibilities to influence work hours. They also had less quick returns (short rest between work shifts) and long work shifts, but more often 6 work days in a row and worked more often at least 2 night shifts in a row. Both long (4 d off) and short (1 d off) free periods occurred more frequently in the flexible group. The groups did not differ with respect to sleep/ sleepiness complaints and health symptoms, with the exception of muscular-skeletal symptoms that occurred somewhat more frequently in the flexible group. The flexible group showed a non-significant trend of having more second jobs (p=0.08). p<0.001, df=456), and showed a tendency for longer day sleep after the night shift (t=1.9, p=0.06, df=437). There was no difference for sleep in connection with days off (t=0.7, p=0.46, df=500). Napping did not differ between the groups and was mainly found in association with the night shift (19% reported regular naps prior to night work). A gender analysis within the flexible shift group showed no significant differences with respect to the work hour characteristics listed in Table 2 . In the flexible group 67 subjects (21%) answered no to the question of whether they could influence their work hours. This group was compared with those who answered yes (256 subjects, 40 subjects did not answer the question). The age and gender difference was non-significant in both groups, however, there were more subjects living alone (non-cohabiting) in the group that answered that they could affect work hours (21% vs. 7%, Table 2 (except the question "possibilities to influence work hours"). The group that could influence work hours had a more positive attitude to work hours (3.8 ± 0.06 vs. 3.3 ± 0.12, t=3.9, p<0.001, df=321), but did not differ with respect to other work hour variables. There were no differences in sleep, sleepiness and health variables.
Correlation between work hour characteristics, attitude to work hours and sleep/wake complaints
In order to investigate the relation between work hour characteristics of the flexible shift system and sleep/ wakefulness complaints, three multiple regression analyses were carried out. The dependent variables were the three indices of the KSQ. The correlation coefficients between the indices and work hour variables (listed in Table 1 ) and age are presented in Table 3 . A general observation is that attitude to work hours shows the strongest associations with sleep/wake complaints. However, a wish to avoid night shifts, long work shifts, many work shifts in a row and the number of night shifts in a row showed moderate to weak correlations with the indices.
The multiple regression analyses are also presented in Table 3 . Attitude to work hours showed significant relations with all dependent variables. A negative attitude to work hours was associated with more complaints of sleep and sleepiness. A wish to avoid night shifts was also associated with difficulties awakening. For the awakening difficulties index, working many shifts in a row became significant.
In the next step, attitude to work hours, wish to avoid night shifts and possibilities to influence work hours were removed. The results yielded no significant association between the work hour variables and DSI and the sleepiness index. However, for AI, a significant association was found for "working 6 shifts in a row" (R 2 =4.4%, beta=0.14, p<0.001). Thus, awakening difficulties increased with increased frequency of working many (6) shifts in a row.
In order to understand the relation between attitude to work hours and the other work hour variables a multiple regression analysis was calculated using the same model as in the previous analyses (and with attitude to work hours as the dependent variable). "Possibilities to influence work hours" (beta=-0.45) and "wish to avoid night shifts" (beta=0.32) were significant and the amount of explained variance was 34.4% (F=15.6, p<0.001, df=10/268). Thus, a negative attitude to work hours was associated with dissatisfaction with the possibilities to influence work hours and a wish to avoid night shifts. In the next step, the sleep/ wake indices (DSI, AI and sleepiness) were introduced as predictors in the regression analysis. Possibilities to influence work hours (beta=-0.43) and a wish to avoid night shifts (beta=0.28) remained significant, and sleepiness (beta=-0.17) became significant. The amount of explained variance increased to 39.3% (F=14.7, p<0.001, df=13/263). Thus, frequent complaints of sleepiness were associated with a negative attitude to work hours.
Discussion
The main finding of the present study was the lack of significant differences between the shift systems with respect to sleep/wake complaints and subjective health. The slightly higher frequency of muscular-skeletal complaints of the flexible shift system group were probably only a coincidence and should not be interpreted as a sign of poorer health in general. However, the flexible shift system was associated with more sleep (≈17 min) in connection with the morning shift, and about 1 h more sleep in connection with the evening shift. There was also a trend (p=0.06) towards more sleep (≈15 min) after the night shift as well.
The lack of findings with respect to sleep/wake problems and subjective health is probably related to the working hour characteristics of both groups. Compressed work hours may cause accumulating sleep debt and sleepiness, and should be avoided according to the ergonomic criteria for shift schedule design 1) . The rapidly rotating group had a compressed shift system, with frequently occurring quick returns and long work shifts. However, the flexible shift system group also had rather compressed work hours. Although they had less quick returns and long work shifts, they reported more often long work sequences (with 6 shifts in a row), longer spells with night shifts, and having only 1 d off between work sequences. In addition, quick returns were relatively common in the flexible shift group. The flexible shift group also reported a higher occurrence of free periods with many days off. Thus, the latter finding suggest that social needs were given priority in the flexible group presumably at the expense of optimal sleep and alertness.
The increased sleep length for the flexible shift group is probably related to the lower frequency of quick returns. Short rest time between shifts is a strong determinant of sleep length 5, 25, 31, 32) . Some studies show that chronic sleep debt is a risk factor for cardiovascular disease, diabetes and fatigue-related accidents [33] [34] [35] . Thus, in the long run, the longer sleep lengths for the flexible shift group might decrease the risk for disease development and accident involvement. However, it should be pointed out that the group differences in sleep length for the morning and night shift was small, which probably explains the lack of group difference with respect to sleepiness complaints.
The groups did not differ in their attitude to work hours, although there was a trend (p=0.08) towards a more positive attitude in the flexible shift system group. However, there was a clear, and expected, difference in the possibility to influence work hours that was in favor of the flexible shift system group. This should be regarded as a positive factor that facilitates coping with shift work. The social life situation could benefit of increased possibilities to influence work hours and reduce the interference of work hours on leisure time and family activities 9, 13) . Although a majority (79%) of the shift workers in the flexible shift system group reported that they could influence their work hours, a relatively large group (21%) reported that they could not. This group was more negative to their work schedule, but did not differ with respect to sleep/wake complaints and subjective health. This was somewhat surprising since individual flexibility and influence on working hours has been regarded as a factor that facilitates coping with shift work, and possibly improves sleep and health 16) . However, one should keep in mind that the groups did not differ with respect to work hour characteristics. This raises the question of whether work hour characteristics are more important than influence on working hours. The weak relation between work hour characteristics and sleep/wake complaints in the flexible group do not support this hypothesis. The frequency of long work shifts, many work shifts in a row, and many night shifts in a row showed low correlations (r<0.17) with sleep/wake problems. Moreover, these associations disappeared when attitude to work hours and wish to avoid night shifts entered as predictors in the multiple regression analyses. Thus, in accordance with previous findings 7) a negative attitude to work hours was associated with poor sleep and sleepiness, although it should be pointed out that the amount of explained variance was rather low. The low amount of explained variance is probably related to the low frequency of sleep/wake complaints in this sample, which resulted in a restriction of range and as a consequence low correlations. However, sleep complaints may also be related to work-related stress, e.g. due to traumatic events 24) , and non-work related factors such as health, physical environment (e.g. noise level) etc. Hence, it is possible that such factors may show stronger association with sleep quality than work hour characteristics.
Another interesting observation was the weak association between work hour characteristics and the attitude to work hours. In contrast, the attitude was related to a wish to avoid night shifts and whether one was satisfied with the possibilities to influence work hours. Also sleepiness problems were associated with dissatisfaction of work hours. A positive attitude to a shift system probably requires some autonomy over the working hours. Hence, a shift worker could be satisfied with a shift system that is ergonomically "poor" if it fits with the individual's preferences. The association between avoiding night work and the attitude to work hours is intuitive since this shift is the most difficult one for most three-shift workers.
This study has some limitations that might have influenced the results. Firstly, the cross-sectional design does not permit any conclusions about causality. Longitudinal designs or evaluation of shift change interventions are preferable when the effects of different shift systems are studied. However, the present study did have a random sample that was representative for the Swedish police force. This strength would not have been possible if the design had involved a shift system intervention. Another problem with crosssectional designs can be the influence of extraneous factors. However, the groups did not differ in workload, gender distribution, family situation and age. The amount of night work and weekend work was also similar in both groups.
It would also have been advantageous to have several comparison groups. Unfortunately the more slowly rotating shift system (which was the schedule that showed the strongest correspondence with the ergonomic shift design criteria) included too few subjects. Another methodological problem concerns the questions about work hour characteristics. It might be difficult for the flexible shift group to remember their work hours across time, in particular if they vary a lot. Thus, we don't know whether the questionnaire technique was a reliable method for quantification of their working hours. The solution for this problem is to use the participants' factual rosters. It may also be argued that a questionnaire is not the optimal method for quantifying sleep/wake complaints. On the one hand, it is well known from many diary studies that sleep and sleepiness show considerable variation depending on type of shift 7, 32) . On the other hand, due to practical reasons a questionnaire is often the only feasible alternative. Furthermore, the KSQ is a validated instrument, and has shown strong covariation with diary measures of sleep quality 36) . In conclusion, the flexible shift system did not differ from the rapidly rotating shift system with respect to sleep/wake complaints and subjective health. However, the flexible shift group obtained more sleep in connection with the shifts, probably because of longer rest time between shifts. They worked less quick returns and long work shifts, but also longer spells with night shifts, more workdays in a row and had more often only 1 d off between work periods. This suggests that the shift workers in the flexible shift system selected rather compressed work hours, and that long periods with days off were given priority. The association between work hour characteristics such as frequency of quick returns, long work shifts, and many shifts in a row, and sleep/wake complaints was, however, weak in the flexible shift group. Instead, sleep/wake problems were associated with the attitude to work hours.
